ABSTRACT Glaucoma is one among major causes of blindness in working population. Early detection of Glaucoma through automated retinal image analysis helps in preventing vision loss. Optic disk (OD) segmentation from retinal images is the preliminary step in developing the diagnostic tool for early Glaucoma detection. In this paper, we have presented a novel hierarchical technique for fast and accurate OD localization and segmentation. Retinal vasculature and pathologies are delineated and removed by using morphological operations at preprocessing stage followed by circular Hough transform for OD localization. The precise boundary of OD is obtained by calculating the region of interest and applying a novel polar transform-based adaptive thresholding. The methodology is evaluated on a number of publicly available retinal image sets, which includes MESSIDOR, DIARETDB1, DRIONS-DB, HRF, DRIVE, and RIM-ONE, and it has shown considerable improvement over existing methods in terms of accuracy and processing time.
I. INTRODUCTION
Automated Image analysis and processing is of great significance in early detection, screening and treatment planning of various retinal, ophthalmic and systemic disease especially because if its non-invasiveness [5] . Precise detection and accurate analysis of ophthalmic pathologies for timely treatment is essential in preventing vision loss. The development of Computer Assisted Diagnostic (CAD) systems for assisting the clinicians in diagnosis and prognosis of retinal diseases has a vital role in improving the healthcare, particularly in the developing countries with shortage of professional ophthalmologists [6] .
Accurate localization and precise segmentation of Optic Disc (OD) is the first step in developing CAD systems for early detection of ophthalmic diseases like Glaucoma and diabetic retinopathy. Glaucoma is causing visual loss and blindness around the globe at second highest rate. The Glaucoma patients are mostly ignorant at early stages about the affects until visual loss progress and over the 5-year period, damage to optic nerve fiber increases to 63% [10] . Glaucoma is characterized by the change in color, shape and depth of OD. The presence of parapapillary atrophy produces bright regions around the OD rim distorting the elliptical shape [6] . Moreover, the progression in optic nerve fiber damage causes the structural changes in OD, optic nerve head and nerve fiber layer which results in an increase in Optic Cup to Disc ratio (CDR). The CDR can be accessed by estimating the diameter and the area of OD, the area of rim and Optic Cup diameter. The accurate and fast OD segmentation and analysis is the first step towards the development of computer assisted diagnostic system for Glaucoma screening in large population based studies.
DR is an eye disease which causes complications due to enormous level of glucose in blood of diabetic patients. Diabetic Macular Edema (DME) is commonly associated with DR which causes the swollen retina by fluid leaking in macular blood vessels. The blindness caused in most of the diabetic patients is due to DME and DR. DME is detected early by the presence of retinal exudates. The number and position of exudates relative to fovea in retina can be assessed to find the risk of future disease development. This step needs the accurate identification of landmark features in fundus images such as the Optic Disc.
This paper presents a new hybrid approach for fast and accurate localization and segmentation of OD based on Circular Hough Transform (CHT) [18] and Polar Transformation (PT) algorithm [20] . The Polar Transformation algorithm has been used a lot in many application areas relating to image segmentation. To the limit of our knowledge, the PT algorithm has been utilized for the first time in the precise segmentation of OD in retinal images. Experimental evaluation shows proposed technique is computationally fast in processing, robust to the variation in image contrast and illumination, and comparable with the state of the art methodologies in terms of quantitative performance metrics.
It's worth mentioning that the proposed methodology is aimed at contributing to the development of computer assisted system for Glaucoma screening. There are other published methods of OD segmentation available in literature but this methodology is computationally fast, produces higher accuracy, robustness and tolerant to vast variety of images which make it suitable for integration with Glaucoma detection system. The paper is organized as follows. A comprehensive review OD detection and segmentation methodologies is presented in Section 2. The proposed methodology is explained in Section 3. The materials and the evaluation metrics used are presented in Section 4. The evaluation results and comparative analysis with other methods is presented in section 5. Section 6 concludes the paper.
II. RELATED WORK
The Work done on the automated analysis of Optic Disc can be divided in to Optic Disc detection and Optic Disc Segmentation techniques.
With respect to Optic Disc detection / localization methods, Sinthanayothin et al. [22] localized Optic Disc using intensity changes occurring due to blood vessels. Image feature projection for the localization of OD was employed by Mahfouz et al. [23] . Watershed transformation has also been used to detect the OD. The idea proposed by Walter and Klein [24] uses the watershed transformation to find the OD contour. The binary image which was the result of thresholding performed on the intensity values, was used to obtain the centroid having the brightest and largest connected object. It gave the center for the proper OD detection. Hoover and Goldbaum [25] worked on the OD location by considering the origin of the vasculature and then located the center of OD. The idea used the fuzzy convergence logic by using the voting-type algorithm to determine the vessel convergence point. Localization was achieved by modeling the OD as an elliptical or a circular object [26] and performing the shape-based template matching [27] , [28] . This step required the edge map obtained from the fundus image. But the results were not very good due to the presence of the blood vessels inside and around the OD. To overcome the problem of vessel edges around the OD the image preprocessing was involved in which the morphological operations were used to pre-process the images. And then the template matching [28] was performed on the pre-processed images. The intensity changes and its information in and outside the OD is considered to improve the circular template matching methodology. The irregularity in the shape of OD and the presence of the pathological structures or the difference in the multiple views of OD causes the failure of the shape based modeling methodology. Extension to the work in [30] Abdullah et al. [16] proposed the OD detection without the need for any template or vascular information. The different morphological operations are used to get the enhanced OD with no pathologies and retinal vasculature. Hough transform is used to approximate the OD center.
For the segmentation of the Optic Disc boundary, Joshi et al. [31] , [32] used the property of vessel kinks for the proper detection of optic cup boundary. The irregularities in the shape of the OD has been captured in a better way by using the active contour models (gradient based). These ideas use the manual initialization of a contour [33] (or it can be done automatically [34] ) and the energy term; derived from the gradient of image, causes the deformation of the contour. The methodology firstly performs the task of OD boundary detection by employing the gradient vector flow based active contour model [35] and then minimizes the effect in the energy term caused by the high value of gradient at location of blood vessels. The minimization of the energy can be achieved by the using pre-processed images [33] or by applying the constraint on the OD segmentation results to elliptical or circular region [36] , [37] . Another research employing the deformable model-based methodology was proposed in which the snake model [38] was used to improve the vessel occlusion more accurately. The method included the two phases namely, knowledge-based clustering and smoothing update. So the idea was to have snake deformation at such a location where the energy is minimum and then the selfclustering into two different groups. These clustering groups were updated by the information obtained locally and globally. Abdullah et al. [16] segmented the OD boundary using the grow-cut algorithm. Level set approach and directional matching was done by Yu et al. [39] for OD boundary segmentation. Morales et al. [21] used PCA and mathematical morphology for OD segmentation.
It has been observed that presence of the blood vessels inside and around the OD, irregularity in the shape of OD, the presence of the pathological structures, presence of uneven illumination and noise in image affects the precise segmentation of Optic Disc. A novel Optic Disc segmentation technique is proposed in this paper that works even in the presence of these obstacles without the use of any prior information and template or Vessel map. 
III. PROPOSED METHODOLOGY
This work presents an automated Optic Disc localization and segmentation technique. Methodology does not require any prior information relating to vascular. For the segmentation of OD boundary, the first step is to approximate the OD center. Optic Disc appears as the brightest spot in the retinal fundus images but the presence of artifacts can create multiple bright spots. Pathologies in fundus images can take shape of OD while actual OD could lose its brightness, as shown in Figure 2 . The shape of the OD varies from circular to elliptical. This information about the shape of the OD can be used for the detection of OD. The proposed methodology preprocesses the image to remove vessels and enhance the OD boundary using morphological operations. CHT is used for OD localization. Spatial to polar transform is applied to convert circular region of interest into rectangular. Adaptive thresholding is applied to obtain the OD boundary. The systemic flow chart of the proposed methodology is presented in Figure 3 .
A. PREPROCESSING
Varying conditions during image capture, noise, uneven illumination and contrast variations are the added challenges of automated optic disc detection and segmentation. Figure 2 shows retinal images under different illumination conditions and affected with pathologies. In order to handle these images autonomously, preprocessing has to be applied. Histogram Matching [40] has been applied to for normalizing the image variations. The histogram of properly illuminated image (Figure 4 (a) ) is taken as reference and the other images' histograms are matched with it which resulted VOLUME 5, 2017 in normalized illumination and color tone. Red channel was chosen as it contains most information of the Optic Disc. Background normalization is then performed by subtracting the image with the estimate of background. The estimate of background I bg is calculated by filtering the image with a large arithmetic mean kernel such that the filtered image doesn't contain any visible structures. Original image is also morphologically opened using a 'disk' shaped structuring element with a size 1/100th the size of the original image to obtain I open . Background normalized image I normalized is the difference of opened image and the background estimate, as shown in equation (1) .
B. OPTIC DISC LOCALIZATION
OD localization from preprocessed images is done by applying CHT which is an extension of Hough transform [41] which detects circular objects in the image. This step requires a radius search range of min radius and a max radius. Max and min radius are approximated to be 1/30th to 1/10th of the image width. The output of the transform contains all the circles that are present in the given range. The circle with the highest score is kept. Figure 5 shows detected OD. From the results it is clear that the OD localization technique along with preprocessing methodology is robust and is even able to localize OD under challenging illumination conditions and in the presence of pathologies.
C. OPTIC DISC SEGMENTATION
For the precise segmentation of the Optic Disc, a region of interest (ROI) is extracted from the original image ''I_orig''. The size of ''I_roi'' from ''I_orig'' is calculated as described by following equation.
Where, r is the radius of the circle approximated by the CHT and buff is the number of extra pixels that are not part of the OD. ROI is centered on the circle center approximated by the CHT. ROI contains Optic Disc pixels surrounded by non-OD pixels. The next task is to find precise boundary between OD pixels and non OD pixels. Direct thresholding techniques does not yield good results as the gray level distribution of the OD and non-OD regions is not uniform and applying a global threshold fails. Applying a local threshold on a neighborhood of pixels also does not return good results because of the circular nature of the OD. To overcome these issues, a novel OD segmentation technique is proposed that makes use of Polar Transform [40] . Polar transform can be defined as a 2D coordinate system where every point is calculated using distance from a reference point and an angle from a reference direction. Polar transform has been used a lot in automated segmentation of iris from image as is done by [42] . To the limit of our knowledge, this proposed technique using the PT algorithm is being proposed for the first time in the segmentation of OD in retinal images.
For OD segmentation, the ROI image is calculated and ROI's pixel coordinates are converted from Cartesian to Polar coordinates. The origin point is the center of the ROI image. Due to this transformation, the OD is now straightened. Next this straightened OD is divide in to sub-tiles. Morphological erosion by reconstruction [40] is applied on each tile followed by morphological dilation by reconstruction. At this step, since precise boundary of the Optic Disc is needed, morphological opening and closing is avoided as this would also remove the structures in the retina that are to be used as the end boundary points to distinguish between Optic Disc pixels and the rest of the image. Opening by reconstruction preserves the shape of the components.
After application of opening by reconstruction, each tile is then thresholded using adaptive thresholding. If the output tile is successfully thresholded in to two regions, it is forwarded to the next step as is. If not, then a blank tile (all black) is forwarded. The tiles are then combined and Polar to Cartesian transformation is applied. Ellipse fitting is then performed using ellipse equation in which the boundary obtained via thresholding is used to draw an ellipse over it. This gives the precise OD boundary. All steps of OD segmentation are graphically illustrated in Figure 6 .
IV. MATERIALS
The methodology is evaluated on following publically available datasets shown Table 2 and a dataset received from a local hospital (Shifa international hospital). Ground truths of OD boundary are available with RIM-ONE, HRF and Messidor databases whereas the images of DIARETDB1, DRIVE and DRIONS-DB were hand labeled by ophthalmic experts from the Armed forces institute of Ophthalmology, Rawalpindi by [16] . 
A. PERFORMANCE MEASURES
Pixel based comparison of ground truths and the OD segmentation obtained by the proposed methodology is presented. The four possible outcomes of pixel classification are illustrated in Table 3 . Based on these outcomes, the calculated performance metrics are shown in Table 4 . 
V. RESULTS
The Optic Disc segmentation results are shown Figure 7 , where the OD boundary detected by the proposed methodology is shown in white marking. The quantitative performance metrics based on pixel-wise comparison of ground truths Table 1 .
A. COMPARISON WITH OTHER METHODS
The comparison with other methods are shown in Table 5 . It is worth mentioning that the proposed methodology outperforms other techniques and uses less average time per image. The average time per image reported in Table 5 has been taken from the respective publications. We understand that hardware configuration should be taken into account for time comparison benchmarking with other methodologies, which we will do in the future.
B. PROCESSING TIME
One of the major drawbacks of previous methods was the time required for processing and producing the Optic Disc segmentation. Earlier methods require huge processing power and needed a lot of time in order to produce results. Proposed methodology out performs all the previous methods in terms of its time efficiency and requires less computational resources. This will greatly enhance the development of detection systems of different ophthalmic diseases like glaucoma and now these systems can be deployed on mobile devices thus greatly increasing its usability. Figure 8 shows time comparison of proposed methodology with previous methods on DIRETDB1, MESSIDOR, DRIVE and DRIONS-DB datasets.
C. ROBUSTNESS
Robustness of proposed methodology is measured in terms of its ability to accurately detect and segment the Optic Disc in the presence of pathologies and under bad illumination settings.
OD detection becomes extremely challenging as poor illumination will hide the Optic disc in the back ground. Figure 9 shows extreme cases of poor illumination where proposed method successfully localized and correctly segmented the Optic Disc. Second case is the presence of pathologies that include exudates, retinal lesions and papillary atrophy etc. Due to their circular shape and bright contrast as compared to background, automated algorithms misclassify these areas as Optic Disc and fail to detect and extract the actual Optic Disc. PPA surrounds the Optic Disc area and results in a larger than actual Optic Disc segmentation area. Figure 10 shows the result of proposed algorithm on pathologically affected images.
VI. DISCUSSION AND CONCLUSION
Fast and precise segmentation of OD in varying imaging conditions is the preliminary step in development of automated system for Glaucoma detection. The correct and precise segmentation of the Optic Disc will increase the correct diagnosis. A novel optic disc detection and segmentation methodology has been presented in this paper. The methodology has used hierarchical combination of morphological operations and CHT for the Optic Disc localization. This gives better results as relying only on the ''Optic Disc as the brightest spot'' technique that is used a lot for the detection purposes can give false results in presence of pathologies and poor illumination setting of Optic Disc. After detection, a novel Polar transform based adaptive thresholding is applied. Based on OD localization, the circular ROI is extracted followed by the application of Polar transform for converting the ROI into distinct rectangular tiles. The tiles are adaptively thresholded to get the precise OD boundary. Inverse polar transform is then applied to get the OD shape back. To the best of our knowledge, the Polar transformation has been applied for the first time for the segmentation of Optic Disc.
Evaluation was performed on publically available datasets that are MESSIDOR, DRIVE, HRF, DIARETDB1, RIM-ONE, DRIONS-DB and a dataset received from a local hospital. The outcome shows that the methodology is computationally efficient and performs well even in varying illumination setting and contrast changes and in the presence of pathologies in the image. Optic Disc Segmentation Algorithm was able to achieve an average spatial overlap of 84.4% for MESSIDOR, 87.3 % for DIRETDB1, 88.6% for DRIONS-DB, 86.9% for HRF, 75.6% for Drive and 74.8% for RIM-ONE. It has been observed that the proposed methodology segments the OD in images affected with pathologies and under varying illumination in less amount of time without compromising on accuracy.
We have already developed an automated software titled QUARTZ, for extraction of quantifiable parameters from retinal vessel morphology to assist medical experts/ epidemiologists in the association of evaluation of retinal vessel abnormalities with the biomarkers of systemic diseases. In future, we aim to incorporate the Glaucoma detection module in the aforementioned software system. With the improvement in time efficiency, the proposed methodology can be used as a building block in developing an automated system for early detection of Glaucoma.
